It is now clear that there exists a mating type system in yeasts2' . In paticular, due to their heterothallic behavior, such organisms as some strains of Saccharornyces cerevisiae and Hansenula wingei could be used for an analysis of the physiological processes involved in con jugation3 -7, To investigate the mechanism by which the mating processes in S. cerevisiae are achieved, the mass mating procedure devised by Lindegren8' seems to be a profitable technique of available ones. When a large number of haploid cells of opposite mating type are mixed under appropriate conditions, numerous copulated cells referred to as mating figures can be observed within 24 hours.
By counting the mating figures under a microscope, frequencies of cell fusion will be measured.
In this procedure, when two mutants of opposite mating type having complementary nutritional requirements were used, heterozygous diploid colonies can be selected by the use of minimal agar on which small samples taken from mixed culture were spread9'.
The comparison between the frequencies of mating figure and those of diploid colony calculated from a same mixture (cross) has yielded interesting information about the nature of both plasmogamy and karyogamy.
The object of this paper is to define the different steps involved in the process of conjugation in S. cerevisiae.
Materials and Methods

Strains:
The heterothallic strains of Saccharomyces cerevisiae used in this study were originally supplied from the Institute of Applied Microbiology of Tokyo University.
They were Lindegren's Carbondale stocks. No. 8256 (a, ad, AR)**** is a haploid strain of mating type a which shows a relative requirement for adenine and forms pink colonies on a complete agar, while No. 17807 (a, AD, ar)**** is another haploid strain of mating type a, requiring arginine absolutely and forms white colonies on the complete agar.
Two stable variant clones, r and w-clone***** were isolated from the culture of No. 8256. As they form red (r-clone) or white (w-clone) colony on the standard medium they can be distinguished from the original strain of No. 8256 which was denoted as p-clone***** (because of its pink colonial color). Both of these variants were a in mating type and had a requirement for adenine******. These clones were also employed in parallel with the original ~-clone.
Media:
The standard medium (SM) was a modified Lindegren's standard broth8~ to which 30 g/l of glucose, 0.33 g/l of CaCl2 and 1 g/l of powdered yeast extract "yeast Ekisu " (Daigo Eiyo Co.) for yeast extract were added. For adenine requiring strains , SM supplied with adenine hydrochloride (10 mg/l) was used as the complete medium (CM). The minimal medium (MM) used was Burkholder's.
These media were solidified by the addition of 20 g of purified agar per liter for plating or for maintenance of the stock cultures.
For mating culture modifications of the media were made as indicated in each experiment and compared with control experiments using the above, unmodified media.
Procedure: For quantitative studies, mass mating technique8~ and prototroph method9~ were employed throughout this study under the following basic conditions. Three day cultures of a* and a type parent were harvested and suspended in each 5 ml of sterile distilled water.
After shaking vigorously for 15 minutes, 0.1 ml of the suspension of each cell type was mixed together into 0.8 ml of liquid medium in a test vial. This formed the mating culture and usually contained about 107 cells of a type and 3 or 4 x 107 of a type cells. The density of a type cells is generally in 3 or 4 fold excess in order to increase the efficiency of contacts between mixed cells. The frequency of the effect to be measured is then expressed as percentage of the number of minority parental cells (a type cells) which was known in each experiment by examination of a control culture.
The control culture was prepared and treated in the same way as the mating culture, expect that it contained no a type cells. Samples of the mixture are removed at suitable times and the number of mating figures are counted directly under a microscope with the aid of a haemocytometer.
As the number of a type cells in the mating culture can be calculated by the measurements of samples taken from the control culture, it was thus possible to estimate the frequency of cell fusion plasmogamy from these data. The determination of the frequency was made by 3 or 4 experiments.
For selection of diploid colony the prototroph method was employed . By the use of MM, one can count diploid colony resulting from heterozygous diploid cell, viz, in mating between a AD ar and a ad AR, only diploid cell (a/a ad/AD AR/ar) can make white colony of norml size 3 days after plating onto MM. As to the haploid cells of parent strains on this plate, no growth of a type cells occurs at all, while the a type parents (P-or r-clone) grow so slowly that their presence was just recognized 5 days after plating by the appearance of small pink or red colonies.
The counting of the colonies in w-clone of a type was made by plating on CM. One tenth ml of samples removed from the mating culture at 20 hours, unless otherwise indicated, are diluted to appropriate density** at which the concentration of cells on the plate is not such as to effect the frequency of appearance of diploid colony, and plated on MM. As * As mating capacity is different in different clone of No . 8256 strain, for only p-clone of the strain, test materials were prepared from a single colony to avoid contamination of spontaneously occurring variants described above which has effect on the outcome of the mating capacity in terms of percentage of this clone. ** It was decided by experiments to dilute the original sample 104 times or more . In this dilution there are no contacts between opposite mating type cells on the plate and therefore all diploid colonies appeared are derived from the diploid cells which have already been mated at the time of plating but not from the ones mated newly on the plate after spreading . the number of colonies of the a type cell can be known, one can estimate the frequency of diploidization of a type cell from these data.
The frequency was determined as the mean at least of 2 sets of separate experiments, 3 plates per sample per set and therefore 6 plates per each value.
Before presenting experimental analysis, we must first settle the conditions under which population density of the mating cultures may be kept constant at least for 24 hours since increase of the density (in the mating culture) bears great complexity in results.
For this purpose, effect of temperature on multiplication of the parental strains was studied in SM, and it was proved that the range of temperature between 16 and 18° is most suited to the present experiments ( Table 1 ).
As to mating figures examined at 24 hours after mixing, they are not observed when mixture was cultured at the temperature below 10°, but their appearance increases with the elevation of the temperature up to 20° at which the maximum frequency was achieved.
Procedure for mating at temperature above 25° caused a decrease in the frequency of their appearance but an increase in the number of diploid colonies. From these facts it was assumed that the time required for mating process will be reduced at the temperature over 20° and many irregular forms (of mating figures) have already changed to normal cell forms at the time of observation.
Thus a temperature range of 16-18° was selected for all subsequent experiments.
In SM, cell division of diploid clones which were obtained by the prototroph method in this study is more rapid than that of the haploid parent cells at this tern- Table 2 , their multiplication, however, does not occur at least whithin 5 hours and yet the time required for duplication of the population can be estimated between 10 and 15 hours (Table 2) .
In fact, diploid cells formed by conjugation in the mating culture, however, were not seemed to divide at least within 14 hours (see Fig. 4 ). From the fact to be described below, further assumption is that 5 hours were needed for the process in which diploidization (karyogamy) is made by interaction between mating cell nuclei.
Taking into account the fact that mating figures begin to appear 5 hours after mixing under these conditions (see Fig. 2 ), it is probable for most conjugation cells in the mating culture that the time required for processes involving cell fusion, diploidization (karyogamy) and division of diploid cell thus formed must be 20 hours or more and that time course of the processes will be briefly summarized as in Fig. 1 . Thus, a time of 20 hours after mixing was selected under these condition for examination of the number of diploid cells produced by conjugation.
Since temperature and time could not be controlled precisely, the actual numbers of mating figure and of diploid colony vary from one experiment to another, it was necessary to run daily controls using SM for the mating culture when comparisons were made.
Results
In an attempt to distinguish actual diploidizations from mating figures (cell fusion , plasmogamy) as a whole, samples removed 20 hours after mixing were either plated or subjected directly to microscopic examination. For convenience , each result is described separately though both results of such experiments are shown in the following tables.
Mating figure: At intervals after mixing in SM, samples were removed , and examined mating figures directly under a microscope.
The results of such an experiment are seen in Fig. 2 , showing that the curves start 5 hours after mixing , continue to rise until a maximum is reached and then drop, irrespective of which clone of a type is used. All the curves reach their plateaux at about the same time (15 hours after mixing) and the maximum levels represented by the plateaux vary from 13 per cent for w-clone to 8 per cent for r-clone.
The fact that all the plateaux are attained at about the same time indicates that at this time the maximum frequency of plasmogamy has been achieved.
Two kinds of experiment were performed to examine the Levi's suggestion3' that both types of parent cells may develop copulatory process (mating response) in liquid medium and the results are as follows:
(1) supernatant of culture medium of each parent or of a mixture of both parents has no effect on inducing mating response in either type cells which were suspended in that supernatant, (2) when both parents filter Thus such attempts to induce mating response in SM have so far been unsuccessf ull. It seemed reasonable to assume that cell contact with the opposite mating type is necessary for the formation of mating figure in liquid medium.
Since mating figures are observed so frequently in SM but they are not observed in water, any of the nutrient factor (s) in SM must be necessary for conjugation.
The effect of these factors was examined first by omission of glucose, peptone plus yeast extract (peptone-YE), B-vitamins or of inorganic salts (KH2PO4, MgSO4, CaCl2) and results are shown in Table 3 . In all clones of a type used, no conjugation occurred with a type clone unless glucose was present;
peptone-YE was highly effective ; inorganic salts and B-vitamins were also effective.
Although glucose is essential, glucose alone has no effect but at least inorganic salts must be added to it for conjugation, as can be seen from Table 4 . Such results conform to the findings of Brock7~ in the yeast, Hansenula wingei.
Further data in Table 4 indicate that glucose plus B-vitamins has no effect. Bvitamins seemed to be effective only when they are present together with inorganic salts as in SM (Table 3) . Peptone and yeast extract are highly effective when they (Table 3 ) but the effect of each of them is not so remarkable as shown in Table 5 . Some positive interaction between them on the mating process may be assumed.
As is generally believed, they are sources for the metabolism of nitrogenous compounds, proteins and others.
If the synthesis of protein (s) is needed for the mating process, it might be inhibited by chloramphenicol introduced to the mating culture because the antibiotic represses protein metabolismll~.
The frequency of conjugation in SM containing chloramphenicol (40 r/ml) was compared with the frequency in SM. The results are seen in Table 5 , showing that the frequency was reduced to about a half in the presence of the antibiotic.
It has been observed in our experiments that the antibiotic is not inhibitory to the growth of each strain in the normal condition (in SM at 30°) for 5 days and that the viability of each type cells is not effected by the drug in the conditions used in present experiments.
Thus, those results seem to indicate that the effect of chloramphenicol is restricted to the mating process in which the change of permeability of contacted cells may be involved.
By the use of BM (basic medium), an examination of the effect of peptone-YE and of chloramphenicol was also carried out with the results shown in Fig. 3 . Although the effect of chloramphenicol is of the lesser extent than that observed in Table 5 , the inhibiton by the drug of the mating is also indicated in this experiment: it seems that peptone-YE added to BM, promote the mating process but addition of chloramphenicol inhibits the process. To confirm this, further experiments were performed by the use of SM and it was shown that increasing amounts of chloramphenicol added to the mating culture resulted in decreasing number of mating figures in all clones of a type used (Table 6 ). The inhibitory effect of chloramphenicol, however, is much slight in the absence of peptone or yeast extract (Table 7) . From these facts it will be reasonable to think that chloramphenicol prevents the effect of peptone plus yeast extract on cell fusion but does not inhibit the effect of each of them when they are added separately.
In conjugation, as has been described above, there is a process which was promoted by the presence of peptone-YE ; it must be the process that was inhibited by the addition of chloramphenicol.
In H. wingei it was reported by Brock7~ that new protein must be synthesized for a process of cell fusion. An analogous conclusion to this indication will be drawn from the present work in S. eerevisiae.
Diploid colony: Mass matings are made in the same manner as before. The samples removed at intervals of 5 hours are diluted and plated on to the minimal medium.
The results of such an experiment are shown in Fig. 4 . The difference between curves in Fig. 2 and those in Fig. 4 is that whereas the number of mating figure rises from 5 hours after mixing and reaches a maximum at 15 hours, there is a lag of 5 hours before maximum number of diploid colony can be observed.
This difference is explained as follows: the bulk of cell fusion between a and a type cells is formed from the 5th to the 15th hour after mixing but diploidization occupies at least 5 hours from the time of copulation.
Accordingly, most of diploid cells in the mating culture assumed to be formed from 10 to 20 hours after mixing.
The diploid cells thus formed may not divide at least within 14 hours because the plateaux of curves in Fig. 4 are remained constant to the 24th hour of the experiments.
In Tables 3-5 , the results of diploidization experiments were described in terms of per cent of diploid colony appeared.
There was considerable variation in frequency of appearance of diploid colony but the variability from experiment to experiment is such that fluctuation of the order of 30 per cent could not be observed in the samples taken from same kind of mating culture.
Comparing with control experiment (in SM), the frequencies of diploidization in the following mating cultures are distinctly higher than that in SM : SM omitted peptone-YE for pand w-clone (Table 3) ; glucose plus inorganic salts solution for r-and iv-clone (Table  4) ; SM omitted yeast extract for p-and rclone (Table 5) . From these results, for all clones used as a type parent, it seems tha with or without peptone decreases the f req nents in mating culture inhibit the proces on diploidization just contrasted with the cell fusion already mentioned. By the results shown in Table 6 , further observation will be expressed as follows: chloramphenicol which inhibited the process of cell fusion, seems not to affect the process of diploidization because there is no significant difference in the frequencies of diploidization in spite of addition of increasing amount of chloramphenicol to the mating culture.
In viewing the above mentioned inspections, it will be concluded that copulation itself involves two different processes; first, plasmogamy, the process of which is stimulated by the presence of peptone and yeast extract, while the effectiveness of these substances is reduced by the addition of chloramphenicol ; second, karyogamy, the process of which is inhibited by the addition of yeast extract combined with or without peptone and is not affected by chloramphenicol added.
Discussion
Conjugation occurs only when the two cells of opposite mating type are in contact with each other. Even mating response seems not to be formed without cell contact in liquid medium. The presence of glucose and inorganic salts (mixture of MgSO4, KH2PO4 and CaCl2) is essential to conjugation. Since the addition of peptone and yeast extract is highly effective for the mating process and chloramphenicol, which inhibits protein synthesis, prevents the process, new protein will be synthesized for conjugation to occur. In H. wingei, Brock7~ showed that synthesis of a new protein is required for the process of cell fusion. The process therefore seems not to be different from mating in S. cerevisiae with respect to the need of a new protein to be synthesized as well as to other condition or factors described above. For the materials of this new protein H. wingei, however, does not appear to require any external supply of nitrogenous compound such as peptone and yeast extract which are necessary in S. cerevisiae. The synthetic pattern of the new protein may be different in both species.
Fowell12~ has reported that parental type buds from mating pairs in a strain of S. ceyevisiae var. ellipsoideus arise from transient heterokaryons. This was established by Wright et al.13~ in their experiments made with doubly and triply marked stocks of yeast. The results obtained by them proved that the auxotrophs carried nuclei assorted from transient heterokaryons without intervening fusion, which would afford an opportunity for genie recombination. The somatic separation of a dikaryon which was produced by plasmogamy, into its parental components without a reduction division has also been pointed out by Lindegren14~. The present study infers that haploid cells from mating pairs, incidental to zygote formation, are not able to grow well on a plate of MM and all diploid colonies on the plate are ones that originated from zygotes which were produced by fusion of two associated nuclei in the mating pairs. The fusion of gametic nuclei, whether it is "crozier "-type of karyogamy or "complete" karyogamy15' is preceded by plasmogamy' 4' . On the assumption that a protein necessary for conjugation is synthesized only when cells of opposite mating type are in contact, the fact that effect of peptone and yeast extract and of chloramphenicol on plasmogamy is a different type to that on karyogamy, makes it possible to infer a relation between both processes as follows; the supposed protein promotes the process of plasmogamy but the process of karyogamy is inhibited either by the presence of the protein itself or by activation of synthetic path for the protein. Vol 
